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Abstract
Simple analysis of the nearly-Maxwellian angular distribu-

tions of the ribbon H™ ion beamns extracted from a long, nar-
row slit on the 8X source yields the 1™ temperature, kTH-.

The derived kTh- are (0.1- 0.3 eV for a 2-A dc discharge and
0.7 1.3 eV for a 400-A pulsed discharge. Pecause this
duagnostic method relies on simple electronic techniques, it
allows rapid study of the dependencies of kTH- on the
source parameters, such as gas flow and discharge current.
These vanations of k'T'H- in the X source are qualitatively
similar to those observed for the H-atom temperature, k'Tho,

in the 4X source, another Penning surface-plasma source.

DISCLAIMER

Thin et wan puepared anan acoomunt of work gonored byoam o ey ot the Uronted Stades
Viencrnment . Nedher the U onted States Coneznment nor any apero s thereal nor ans ol then
conplinees makes oy warranty express o imphed o assimes oy legal Tabihty o eespona
Pabity b the woran o completeness o asebalness of sy mformation apparatns product o
prew e b bosed o cepresents that it use wonhl aol antrage poy el caned nghts keler
v heron Looany .||-.|l|. comtne ol |-l|-|||-| [RAL IR T AR I by tpade name trademark
monba tarer ar ctherwrea e pal necesanly constitate o aply ks endoreement . e om
memibiton o Ceonimg by the ted Sstares Governmeont o any apeny theeeat The sieas
md aponens of anthors cvpreeed hoeem o nat nevessanly state o etleor these of e

Poated Svare s Covcrpnmie it oo any apsenny thoreal



1. Introduction
One of the importznt parameters of the i~ beam from
an ion source is the emittance, which is ultimately limited by
the H™ plasma temperature kTH-. Spectroscopic measure-

ments show that for Penning surface-plasma sources (SPS)
kTHo is (0.2 eV for low current dc discharges! and 0.6-3 ¢V
for high current pulsed dis-charges.1-3 If the H™ ions assume

the H-atom temperature before extraction,4 intrinsic kTH-

from ().2 to 3 eV may be expected. To determine kTH- in

our Penning SPS discharge, we usc the slit-diagnostic

technique.$
II. Experimental Mcthod
The sht diagnostic technique, described in detail in
Ref. 5, is based on ion-optical considerations and the use of

an emittance-measuring device, ¢ The cathode-cathode and

anade anade gaps within the 8X source’ are both 3.40 cm
(Fig. 1). A siition ontical system allows the emitting plasma
to he examined in cither the cathode-to cathade (parallel 10
the magnetic ficld) or anode-to anode (perpendiculor o the
magnetic lickd) directions. A schematic of the experunental
arrangenent with the snade to anode orientation o the slit
extraction systeni is shown in Fig, | of Ret. 5. With a

Gaussian Nt routine we determine the FWHM ol the anpolar

distnbution of the extracted Hojons, Opwiing, and then infer



the inherent kTH- in the source plasma using kTH- =

0.361 ¢b (BFWHM)2, where ¢b is the beam energy . Sample
angular distribution data near the center of the ribbon beam
are shown in Fig. 4 of Ref. 5 for both a high-current, pulsed
discharge and a I.»w-current, dc discharge.

III. Results

The 8X source parametric dependence of kTii- on the
H2? filling pressure PFill, for fixed discharge current 1g = 460
A and magnetic field Bx = 290 G, is shown in Fig. 2a. The
dc H2 pressure in the source chamber before the 5-1z, 1.2-
ms-long arc pulse is ignited is Prin: Prin is calculated from
the meastred de H2 gas flaw Q12 and the calculated 12
conductance, assuming a temperature of 500 K. For
companson purposes, previous measurements of ko vs
Prin for the 4X source, in both the drift region (adjacent 1o
the emitter) anid the plasma column, are shown in Eig. 2b,

Figuce 3a shews kKT vs the discharge current 1y, for
fixed Hp filling pressure - 0,054 Torr and magnetic fiekd Bx

2N G, for the BX source. Figure 3b shows previons

b Eno vs Ly neasurenents for the 4X source obained frona

both emission ! and absorption spectioscopy. “Tie ilsorn

ton spectroscopy KFpo values ™ tor e X souree (both the

meisurements for the dodt sopon and the plasoi column)



arc obtained in the y direction, perpendicular (o the beam di-

rection, z, and the magnetic field direction, x. The ernission

spectroscopy kTHo values! are an average along the H”
beam direction, z, through the drift and the plasma column.
The dependencies shown in Figs. 2a and 3a are for

300- to 500-A pulsed 8X source discharges. We also have
measured kTH- as a function of the various 8X source param-
cters for 2- 1o 4-A dce discharges. The dependence of kTii-
on Prill is shown in Fig. 4 for both the anode-anode and the
cathode-cathode diagnostic-slit orientations.
1V. Discussion

To compare the H-awom measurements on the 4X

source with the ™ measurements on the 8X source, we need

guidance on the scaling between the two sources. We use
the predictions of the similarity law as expressed by Muche:8
il the source lincar dimensions are increased by the factor K
(-2 for the 8X source) and the magnetic fickl and gas flow
are scaled down by the same factor K, then the discharpe
will have the same voltage if the current density of the larger
source is reduced by the factor 1/E. 1. Then the other particle
densities in the Larger source will be reduced by the same fac
tor I/K 1. The temperatures of the various species will also
be the sine in the two sources. We have one slit diagnostic
technique measurenent for a pulsed discharpe in the 4X

source which pives kK'TH 1O eV, about the sime as for the



8X source. We have not measured kTHo in the 8X source,

but we note that kTHo is approximately the same in the small-

angle source (the 1X source) as it is in the 4X source.! In

order to compare kTH- in the 8X source with kTHo in the 4X
source, the 8X pressure scale in Fig. 2a is double the 4X

pressure scale in Fig. 2b.

The kTH- decrease with increasing 8X source pressure
is consistent with an exponential dependence on pressure,
just as the xTHo decrease with increasing 4X source pressure
is (Fig. 2). However, kTH- and kTHo decrease at different
rates with source pressure, partially because of differences in

the encrgy-exchange cross sections. At P = (.1 Torr,
kTn- -0.73 eV, whereas at the scaled pressure = (0.2 Torr,
kTHo = (.66 ¢V, about a 10% difference.

"To calculate the characteristic lengths 1.-2 and 1 .02 for

enerpy exchange of H™ and e on H2, we use L. =

1/ [ni (42 o] where o is the energy loss cross section.

Weassunxe dhat the H,: mwlecules have a temperature close to

the source walls, SO0 0K, and calcwmate nip2? o7 typical opera

ting pressures, (0.8 Torr and 0.2 Torr for the BX and AX

sotees 1espec ively, Using og) 7.4 x 10 10 ¢m? fon

Mo 0O75¢eVando ) IT2D2x 10 el tor 0V75¢V il



( Ref. 9) we get L-2 = 1.0 cm for the 8X source and Lo2 =

0.8 cm for the 4X source. From the scaling law we expect

[.o2 = 1.6 cm for the 8X source. For 100 eV H™ on H2 we

estimate that L-2 = 27 cm, where for this case 6-2 includes

both elastic and inelastic processes.

'The characteristic length Lo for energy exchange

between H™ ions of =100 eV (from the 8X source cathodes)

and Ho atoms of = 1 ¢V in the plasma column is difficult to

estimate since we do not know the cross section 0-¢ for

encrgy exchange. We can estimate the mean-free path of ™

in Ho, Ao, from G.0-! nijo-1, where 0.9 is the cross section
for resonant charge exchange. The measured value of nijo is
3.8 x 1014 ¢ for the drift and 7.3 x 1014 con-3 for the

plasma column in the 4X source [Ref. 2]; we use half these

values for the 8X source. Using 6.9 = 5.27 x 10-15 cm?2 for
99 eV H [Ref. 10] gives Ao = 1.0 cm in the 8X drift and
0.5 cmin the plasma column. Since 1.2+ SO A ¢ for 100 ¢V
H . the H jons emitted from the cathades are cooled by the
Ho in the source discharpe. However, once the H cool to

LeViothen I, 2 - L) Thus, the Ho and Hoappear to have

the samie temperature becanse the fast (cathode) Hoare first



cooled by resonant charge exchange with slow Ho in the

discharge, then the slow H™ and the remaining slow 110 are
cooled by the collisions with Ha.
To compare the dependence of kTH- on the discharge

current in the 8X source with the dependence of kTHo on I4

in the 4X source, we have to account for the different

emission-current densities jH- between the two sources.

From the similarity law, we expect the source operation to be

the same if jH-(4X) is adjusted to be double jH-(8X). Thus,
if the 8X source is equipped with an emitter that has double
the area of the 4X source emitier, and if the 4X source
discharge current is half the 8X source discharge current, the

two sources should produce the same H™ curnrent. To
compare the 4X source k'Tiiv dependence on g with the 8X
source kTH- dependence on Id, we have doubled the 4X
source Ig scale in Fig. 3b.

From Fig. 3, at lg = 400 A, kTii- = 0.93 ¢V for the 8X
source, whereas K'THo — 0.7 eV at Id = 200 A (the scaled
current) for the 4X source, about a 25% difference. The
dependence of kTl on g in the 8X source appears to be
lincar (Fig 3a), whereas the dependence of k'Tho on Ly in
the AX source plasma column appears to be something like

W/ (g, ). However, Hodons are not extracted fom the

plasmia colunmn, they e extracted from the drittrepion (the



"dead space"” between the plasma column and the emitter).
The dependence of kTHo on Id in the 4X source drift has not
been measured at current values low enough to distinguish

between a linear dependence and a square-root dependence.

The dependence of kTH- on the pressure in the 8X
source for a low-current, dc discharge is shown in Fig. 4.

The typical operating pressure for a 2.4-A dc discharge in

the 8X source is 0.09 Torr, and the typical kTH- is 0.2 eV

(Fig. 4). For the 8X source 2.4-A dc discharge, the
characteristic length for encrgy exchange L-2 = 0.6 cm. For
100 eV H™ on H2, .2 =49 cm. For a 1-A dc discharge,
kTHo in the 4X source is = 0.27 ¢V (Ref. 1). For 0.27 eV
Ho in the 8X source, Lo2 = 1.2 cm. Assuming that nHo is
= | x 1013 ¢cm-3 for the 2.4 A dc discharge,2 the mean-free
path for resonant charge exchange Ao = 19 cm.
V. Conclusions

Thus, in both the 2-A dc and the 350 -500 A pulsed dis-
cnarges, once the fast (cathode) H™ are cooled by resonant
charge-exchange on slow o, the resulting slow H™ and the
remaining slow Hoe are further cooled to nearly the same tem-
perature by collisions with H2. The characteristic lengths for
cooling, I. 2 and Lo2, are comparable to the source discharge

size. ‘The Hotemperature in the 8X source is comparable to



the Ho temperature in the 4X source, in agreement with the
predictions of the scaling law.
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Figure Captions
Fig. 1. The 8X source geometry (+z is the beam direction). In a) the
diagnostic slit is aligned along the x-direction from cathode to cathode; in
b), along the y direction from anode to anode.
Fig. 2. a) The kTH- vs PFill data for the anode-anode (open circles) and
cathnde-cathode (filled triangles) slit orientations in the 8X source. The

measured dc QH2 is also given. The curve (formula in the figure) is a least-

squares fit to all the data. b) The dependence of kTHo on PFill for the 4X

source? for the plasma column (open squares) and the drift (open triangles).
The measured dc QH2 is also given. The curves (formulac in the figure) are
least-squares fits to the data.

Fig. 3. a) The dependence of kTH- on Id for the 8X source for the anode-
anode slit orientation and a pulsed arc (open circles) and for the cathode-
cathode slit orientation and a dc arc (filled triangle). The curve (formula in
the figure) is a least-squares fit to all the data. b) The dependence of kTio
on l4 for the 4X source measured by abhsorption spectroscopy (Ref. 2) for
the plasma column (open squares) and the drift (open triangles). The
dependence of kTHo on Ig for the 4X source measured by emission
spectroscopy (Ref. 1) is also shown (closed squares). The curves
(formulae in the figure) are {its to the data.

Fig. 4. The dependence of k'U'H- on P for the anade-anade (circles) and
cathade-cathode (squares) slit orientations in the 8X source with 2.0 1o
2.8 A dc discharges. The measured de Q2 is also given, “The curve

(formula in the figure) is a least squares it to all the data.
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